Abstract. Care of patients with Parkinson's disease (PD) will dramatically change in the upcoming years. The nationwide implementations of the patient-controlled electronic health record (EHR) and the technology-based home monitoring system will most probably be the cornerstones of this revolution. We speculate that, within the course of the next decade, EHRs will lead to a substantial empowerment of patients, and monitoring of motor and non-motor manifestations of PD will shift from the clinic to the home. As far as this can be foreseen, small, partly clothing-embedded and implanted sensor systems allowing passive (i.e., non-obtrusive) data collection will dominate the market. They will interoperate with the personal EHR and other potentially health-related electronic databases such as clinical warehouses and population health analytics platforms. Analysis software will be mainly built on artificial intelligence, and presentation of data will be intuitive. This scenario will eventually help both the patient and the medical professional by providing higher amounts of quality information about daily-relevant effects of disease and treatment, eventually allowing for a better and more personalized care.
ELECTRONIC HEALTH RECORDS AND MOBILE TECHNOLOGY: NEW PLAYERS WILL CHANGE PARKINSON'S DISEASE MANAGEMENT
To date, digitization and technology are omnipresent in our societies and influence individual lives and human interaction almost everywhere and at any time. With broad support coming from governments of developed countries and the "big" * Correspondence to: Prof. Dr technology players, this dynamic development is increasingly influencing, affecting and changing health care and medical decision-making. More specifically, this technological development has already led to (i) the implementation of electronic health records (EHRs) in a rapidly increasing number of countries and centers and (ii) a huge spectrum of technological and digital devices that can be worn on the body or placed in the home, allowing the detection of human function and behavior mainly in the usual environment. This viewpoint aims at presenting the current state and the potential future development of EHRs and technological devices with a focus on management of Parkinson's disease (PD). We argue that patients S42
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with PD can benefit from this development [1] . The disease requires significant engagement from both patients and medical professionals, making an interactive and flexible health data collection system such as an EHR particularly valuable for them. Moreover, the disease has many different motor features, and mobile health technology has advanced greatly in measuring movement and mobility and the evaluation of non-motor symptoms with apps and devices will gradually become possible. All these developments promise a continuous and daily life-relevant assessment of a broad spectrum of PD manifestations without being highly burdensome [2] .
ELECTRONIC HEALTH RECORDS
Currently, most health records are paper-based and managed by medical institutions, which often have limited capacity to communicate with each other. Some health records have already migrated from paper charts to EHRs that are, however, largely digital remakes of the paper-based predecessors and do not integrate all the already available technical options that can support clinical decision making [3] . It is probable that this picture changes dramatically within the next decade. Most countries with established health structures will then have nationwide provision of innovative EHRs with cloud storage solutions, and most of these EHRs will be patient-controlled [4] . EHRs will communicate with clinical data warehouses that consolidate hospital-and practice-derived data, with population health analytics databases that will provide information about disease risk and prevention, and with digital technology that is used by the owner of the EHR, i.e., the patient [5] (Fig. 1) . Actual policy decisions suggest that national health services will substantially support the empowerment of patients through technologies such as the EHR. Illustrative examples are the American Recovery and Reinvestment Act of 2009, spending 34 billion USD for the promotion and purchase of EHRs in the US [6] , the Topol review commissioned by the Secretary of State for Health of the UK that has patient empowerment via the EHR in its focus [7] , and the plan of the European Union to develop EHRs that allow patients to move with their EHRs flexibly across country borders [8] .
We also anticipate that strong and far-reaching data protection rules and laws will reduce the risk of data leakage to a minimum and increase the acceptance rate of the EHRs among users. Professionals in the medical field will also benefit from the development as they will be able to focus more on the skills which initially made them to select their respective professions and which they have learned during their training [3] .
TECHNOLOGICAL AND DIGITAL DEVICES
Digital technology, containing accelerometers, gyroscopes, magnetometers, heart rate monitors, galvanic skin resistors and barometers, will increasingly allow for continuous measurement of disease manifestations and resources in the usual environment of the user. Some of these, mainly mobile, devices are already available and widely accepted [9, 10] , particularly when they are designed as a fashionable accessory such as a wristwatch, flexible form attached to the arms or feet, or integrated into the shoes [11, 12] .
However, almost none of these devices are yet implemented in clinical routine, and none is used for clinical assessment of PD. Reasons may be that disease manifestations are complex and difficult to assess especially in the "uncontrolled" home environment, that most of the currently available feasibility and validity studies are small and not representative for different phases and subtypes of PD, that gold standards are difficult to define and often of limited accuracy, and that most of the business models of medical device companies are hindering a rapid and seamless (i.e., continuous) development and improvement of detection algorithms [13, 14] . These business models are built mainly on the problematic "build-and-freeze" rule, which means that software and algorithms are built, frozen, and then tested in unchanged form for its lifetime [15] .
Still, we see a high potential of this communication and detection technology to change our care in chronic diseases, including PD. The abovementioned pitfalls and challenges are already, at least partly addressed by policy and research communities and roadmaps for adopting these technologies are currently developed.
We anticipate that, within the next decade, continuous monitoring systems will allow the collection of PD-relevant data across a broad spectrum of manifestations. They will most probably be easily and widely used and not requiring an active interaction with the user, will be approved by regulatory authori- Fig. 1 . The future of digital medicine will most probably be based on multiple interoperable electronic databases, with the patient-controlled electronic health record (EHR) in the center [4] . Passive and active data collection devices will be used by the patient and continuously feed data into the EHR (note that the watch in the figure stands for many different data collection opportunities, including non-body-located systems). Clinical data warehouses are institutional-located databases that will support medical professionals with clinical decision making and patient care in real time. Population health analytics will support health-related decision making by providing risk and prediction markers. Analysis strategies within and across databases will be mainly based on artificial intelligence algorithms. Adapted from http://www.neurologie.unikiel.de/en/neurogeriatrics/research. ties and the costs will be covered by health insurances. The continuous subcutaneous measurement of blood glucose in diabetes patients can serve as a template for the development of similar devices within the Movement Disorders field [16] . Body function and performance testing systems can be very close to the body of the user without being continuously worn. An example is the unobtrusive measurement of the interaction of the patient with the environment, e.g., through keyboard typing (contact of the body with PC, smartphone speed of keyboard typing [17] ). It is well imaginable that commands coming from speech and analyzed via sensors in hearing aids will become increasingly important in the near future. Hearing aids and glasses already have, or may soon have integrated detection systems. Moreover, earphones with integrated sensors that allow interaction with the environment and the user will soon be available ("closed-loop system"). At least some cognitive features may be assessed indirectly by analysis of mobility data, by analyzing reaction times, performances during multitasking and navigation performances including eye movement analysis. Devices may even be located in the body. Some DBS aggregates already contain accelerometers, and insertable cardiac monitors are good candidates for such a scenario. It is also probable that autonomic features, such as sweating and heart rate (variability), will be accurately quantified. Evaluation of gut motility is already possible with swallowed capsules that allow the evaluation of pressure, temperature, and pH. This method will advance and smaller capsules will soon be available [18] . It is envisaged that at least the majority of these disease monitoring systems can be "individualized", i.e., they will be able to adapt to individual performance. For example, algorithms will adapt their accuracies for the assessment of hypokinesia, dyskinesia, on and off phenomena and fluctuations to each individual and replace the "one algorithm fits all approach". 
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Many issues that currently hinder a smooth development of symptom-detecting devices in the field will be solved through an extensive evaluation of data derived from clinical trials that are including mobile device-extracted parameters as exploratory endpoints. This inclusive assessment battery strategy is strongly supported by the FDA and EMA. With this approach, the currently problematic and poorly understood limited comparability between the performance in a usual environment (where persons live) and the professional environment (where assessments may rather assess functional capacity aspects [19, 20] ) will be adequately addressed. Moreover, the "build-and-freeze" rule will be substituted by more seamless algorithm development approaches [15] .
THE INTERACTION BETWEEN ELECTRONICAL HEALTH RECORDS AND MOBILE TECHNOLOGY
There is growing evidence that patients will be able to add data to their own EHR using different sources. These sources can be patient-owned "satellite" (mobile) technology coming from the health and fitness sector as well as medical digital systems as discussed above. It is anticipated that patients will be able to add data to or delete it from the EHR just as it can be on a smartphone, and there will be a marketplace for app and algorithm developers where they could compete with their third-party apps and sensor systems on aspects such as quality, price, value and user experience [6] . This scenario makes standardization of application programming interfaces (APIs) necessary. An API allows two independent digital systems to interact, and standardization allows to do that in predictable ways. EHRs from the US are already required to have such a standardized API [6] . Taken together, it is anticipated that within a few years, most PD patients will use an individual EHR and interoperable and substitutable technology that can interact with this EHR. This combination will allow the integration of daily-relevant data by use of algorithms that have still to be developed but promise the valid assessment of usual performance, with the eventual aim to improve knowledge about individual disease course and treatment response.
CONCLUSION
We anticipate a bright digital future for the monitoring of PD within the next decade. Patients can be substantially empowered by the collection, interpretation, and management of their own mobile health data. These data will, in combination with interoperable digital databases located in patients' homes, hospitals, doctors' practices, and research institutions, enable personalized care at an entirely new level.
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